An organism resembling Grahamella spp. (Schizomycetes: Bartonellaceae), a trypanosome of the T. lewisi group (Mastigasida: Trypanosomatidae), and two piroplasms (Piroplasmasida: Theileriidae) of uncertain status have been found by us in arvicoline rodents in Alaska. We know of only one previous record of blood parasites from such rodents at high latitudes (Quay, 1955) . The finding of T. lewisi in Norway rats, Rattus norvegicus (Berkenhout), by Schiller (1956) comprises the only other record of hematozoa in Alaskan rodents.
The present study developed from the investigation of an irruption of voles and lemmings on the Alaska Peninsula during the summer and autumn of 1963. Of unusual interest was the marked splenomegaly observed in a high proportion of the animals. Several pathogenic or potentially pathogenic organisms were isolated from these rodents in 1963 and in subsequent investigations in the same area in 1965. These included a bacterium, Pasteurella tularensis, and a spirochete, Leptospira cf. ballum (Rausch et al., 1969; Woods, unpublished) , in addition to the four blood parasites mentioned above. The piroplasms were eventually found to be the causative agents of the splenomegaly. The tick Ixodes angustus Neumann probably is the vector of these organisms under natural conditions.
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The purpose of this paper is to report some findings concerning identification, occurrence, and geographic distribution of the parasites. The developmental cycle and pathogenicity of the piroplasms will be considered in greater detail elsewhere.
MATERIALS AND METHODS
Thin smears were prepared with blood drawn from the tail or toes of living voles and lemmings and from the axillary vein of the same individuals at necropsy. Spleen impression smears were prepared from these, as well as from snap-trapped animals. The preparations were air dried, fixed in absolute methanol, and stained by the WrightGiemsa method. The animals were examined also for ectoparasites. All experimental animals utilized in this investigation were laboratory-born and -reared; most were of known ancestry. Inoculations were intraperitoneal, with sterile, citrated, phosphate-buffered saline or modified Alsever's solution utilized as a diluent for the blood and organ suspensions. After storage alive in a glass vial for 2 days, the fleas were ground in 1 ml of saline, and 0.1 ml of this suspension was injected into each of three laboratory-reared voles. Four siblings of the experimental animals were inoculated with a suspension of ticks, Ixodes angustus Neumann, from the trapped voles, and eight white mice, Mus musculus L. (strain HA/ICR), received the remainder of the flea suspension. Smears of peripheral blood were prepared from the voles at irregular intervals from the 6th to the 99th day after inoculation; smears were prepared from the mice only on the 23rd day.
RESULTS

Grahamella
On the 6th day following inoculation, two to five Grahamella-like bodies, about 1 to 1.25 ju long by 0.25 / wide, were found in the cytoplasm of each of a few erythrocytes from the voles which had received the flea inoculum. By the 17th day, about 6% of their erythrocytes were infected with from 6 to 14 organisms per cell (Fig. 1) . The number of organisms and percentage of cells infected had diminished by the 23rd day, and none was found thereafter. None of the smears from voles receiving the tick inoculum nor those from mice receiving the flea inoculum showed intraerythrocytic bodies of this kind. Neither were any Grahamella-like organisms found in smears (19th day) from two northern voles inoculated earlier (October 1963) with a suspension of 21 fleas (M. abantis) from voles taken in the same area.
Tentative identification of the organisms as Grahamella sp. was based on their form, staining properties, occurrence within (rather than on) the erythrocytes, and on the brief duration of their invasive stage in the erythrocytes. Further study, by use of splenectomized animals or by culture of the organisms in vitro (Tyzzer, 1942) , was not feasible.
Trypanosomes
In the blood of one of six northern voles, captured alive at Lower Ugashik Lake on 10 October 1965, were found trypanosomes referable to the T. lewisi group (Fig. 2) . These occurred in smears of peripheral blood at the rate of 2/1,000 rbc (about 20,000/ml) for the first 18 days after capture of the host, then declined gradually to about 0.2/1,000 rbc by the 48th day. None was found in smears prepared on the 54th day or at any time during the succeeding 18 months. Attempts to propagate the organism by inoculation of blood from the infected animal to laboratory-reared voles on the 54th day were unsuccessful.
Twenty-five trypanosomes from a smear prepared on 12 October were measured from camera lucida tracings, after the method utilized by Davis (1952) (Table  I .) The organism from northern voles taken near Ugashik Lake was isolated in laboratoryreared voles of the same subspecies, M. o. operarius (Nelson), the original stock of which was obtained near Homer, Kenai Peninsula. It has been maintained for more than 3 years by serial passage in the laboratory colony of these voles. The isolate from the red-backed voles has been maintained in a laboratory colony of C. r. dawsoni (Merriam), the original stock of which was captured in the Anchorage area. These two piroplasms, designated by us as "strains" MO-U and CR-A, respectively, are morphologically similar but biologically different, as indicated by our negative results from repeated efforts to pass strain MO-U to red-backed voles of Anchorage origin, in which strain CR-A develops readily.
The early-stage parasitemia in laboratoryreared northern voles of Ugashik Lake and Homer lineages, inoculated with strain MO-U, was characterized by an exponential increase in rate of infection of erythrocytes up to the 9th or 10th day postinoculation. This was followed by a rapid decline to a very low level, which was sustained throughout the chronic phase of the infection. Maximal rates of infection of the erythrocytes ranged from 25 to 60% in the acute phase, which was further characterized by pseudomacrocytic anemia, oligocythemia, icterus, and splenomegaly. The anemia, oligocythemia, and icterus decreased gradually in intensity following the acute phase, whereas the splenomegaly persisted unchanged in the chronic phase.
Throughout the course of the infection, most of the affected erythrocytes in the peripheral blood harbored only a single piroplasm, usually of the circular or ring form (Fig. 3) . The largest of these was about 3 A in diameter. Oval, piriform, and rod-shaped organisms were uncommon to rare; anaplasmalike forms occurred in 0.1 to 5% of the infected cells. We found no clear signs of intraerythrocytic fission at any stage of the infection, but did find a few organisms whose form was suggestive of this kind of reproduction. For example, in 1,362 infected erythrocytes from four northern voles in the exponential stage (6th to 9th day) of the developing parasitemia, 1,338 cells (98.3%) contained only single parasites, 11 of which seemed to be partly constricted, as if undergoing division. In only three of these were the two parts approximately equal in size; in the rest they were very unequal. Twenty-two infected cells contained two ring forms, mostly unequal in size; one contained a ring and an anaplasmalike form, and one contained what appeared to be a tetrad, though not of the classic "maltese cross" form. From these findings we judge that intraerythrocytic fission is, at most, uncommon to rare and is not the principal means of reproduction in the normal vertebrate host. The principal reproductive process may be schizogony; extracellular forms of the parasite were abundant in the spleen and bone marrow and some clumps of these resembled schizonts.
Intraerythrocytic fission was, however, a very common method of reproduction in the "atypical hosts," the voles and lemmings from arctic and insular localities in which these piroplasms apparently do not occur (see below). Diads, tetrads, and extracellular forms were abundant in the peripheral blood of these animals (Fig. 4) , and a much greater proportion of the erythrocytes was invaded by the parasites, approaching 100% in the acute stage of the disease. The anemia and icterus TABLE II. Species of arvicoline rodents in whichalso were more extreme than in the normal hosts and were accompanied by severe hematuria and general debilitation. Whereas none of the voles of Ugashik and Homer origins died as a result of the infection, the voles and lemmings from outside the enzootic area usually died before the 15th day postinoculation.
Splenomegaly is pathognomonic for the infection in the natural hosts, since it persists in the chronic stage of the disease for the duration of life of the animal. The increased volume of the spleen, usually about 40 times that in the noninfected animal, is readily apparent and easily recognized in wild-trapped rodents (Fig. 5) . We have recorded it in seven species of arvicoline rodents from 20 localities in southern Alaska and adjacent Canada (Table II) . The absence of splenomegaly in several thousand rodents of the same species from western, central, and northern Alaska is taken as evidence of the absence of piroplasms in those areas.
Hematozoa of the order Piroplasmida Wenyon, 1926, are dependent on ixodid ticks as vectors, insofar as is known. Since Ixodes angustus is the only species of tick we have found on arvicoline rodents in Alaska, we consider it the most probable vector of the organisms described here. Circumstantial evidence (Table III, Fig.  6 ). In addition, we have successfully transmitted organisms of strain MO-U from vole to vole via ticks of this species, reared in the laboratory. Larval ticks, engorged on an experimentally infected vole, transmitted the organism to other laboratory-reared voles on which they fed as nymphs. However, transovarial transmission from a naturally infected adult tick to its larvae did not occur, as evidenced by failure of such larvae to infect susceptible voles. Although I. angustus occurs widely on mammals in northern North America and northeastern Eurasia (Cooley and Kohls, 1945; Pomerantsev, 1950; Gregson, 1956 ), ticks of this species have not been implicated previously in the transmission of any pathogen. Further investigation of the role of I. angustus in the transmission of these piroplasms is under way in our laboratory.
The piroplasms reported previously from small rodents, e.g., by Franca (1912) (Neitz, 1965) . For the present, we have chosen not to assign the organisms that we have found to any genus, since the taxonomy of the Piroplasmida is currently uncertain, and the diagnostic value of previously accepted morphological and biological characters of "genera" and "species" is now in doubt (Neitz, 1965) . Further uncertainty about the validity of those characters is raised by the contrasting performances of the MO-U strain in normal versus atypical hosts.
The majority of genera and species of piroplasms has been described from domestic animals, rather than from wild mammalian hosts. Conceivably, their structure and development in the former are atypical and more variable than in the natural hosts. The piroplasms of wild animals are little known, and their biology and enzootiology poorly understood. The finding of two kinds of these organisms, which can readily be studied in the field as well as reared in their normal hosts and hosts of several other species in the laboratory, should facilitate the acquisition of basic information for solution of some of these problems. 
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